Machinability Study on Dry Drilling of Titanium Alloy Ti-6Al-4V using L9 Orthoganal Array  by Shetty, Pradeep Kumar et al.
 Procedia Materials Science  5 ( 2014 )  2605 – 2614 
Available online at www.sciencedirect.com
2211-8128 © 2014 Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).












EHWWHUKROHTXDOLW\'ULOOLQJLVRQH VXFK PDFKLQLQJSURFHVVHVZKLFKLVZLGHO\ XVHGLQDHURQDXWLFDODQGDXWRPRWLYHLQGXVWULHVIRU
VWUXFWXUDO DVVHPEO\7LWDQLXPDOOR\ 7L$O9 LV DWWUDFWLYH IRUPDQ\ DSSOLFDWLRQVGXH WR WKHLU VXSHULRU SURSHUWLHV+RZHYHU
WKH\ DUH UHJDUGHG DV KDUGWRPDFKLQHPDWHULDOV 'ULOOLQJ LV DQ LPSRUWDQWPDFKLQLQJ SURFHVV VLQFH LW LV LQYROYHG LQ QHDUO\ DOO
7LWDQLXPDOOR\DSSOLFDWLRQV,WLVGHVLUDEOHWRGHYHORSFRVWHIIHFWLYHGULOOLQJSURFHVVHVIRU7LWDQLXPDOOR\DQGLPSURYHWKHFRVW
HIIHFWLYHQHVVRIFXUUHQWO\DYDLODEOHSURFHVVHV ,QWKHYLHZRIDERYHIDFWVDQDWWHPSW KDV EHHQ PDGHWRVWXG\WKHPDFKLQDELOLW\
GXULQJGU\GULOOLQJRI7L$O97KHPDLQREMHFWLYHRIWKLV VWXG\ LVWRGHWHUPLQHWKH IDYRXUDEOH GULOOLQJFRQGLWLRQVIRU7L$O
9 KROHTXDOLW\VXUIDFHURXJKQHVVDQGEXUU DQGFKLSW\SH EDVHGRQGHVLJQRIH[SHULPHQWV
  7KH$XWKRUV3XEOLVKHGE\(OVHYLHU /WG
6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI 2UJDQL]LQJ&RPPLWWHHRI$00(
.H\ZRUGV'U\'ULOOLQJ7LWDQLXPDOOR\6XUIDFHURXJKQHVV &KLSWKLFNQHVV%XUU)RPDWLRQ'HVLJQRI([SHULPHWQV
&RUUHVSRQGLQJDXWKRU 7HO ID[ 
(PDLODGGUHVVSUDGHHS#UHGLIIPDLOFRP
© 2014 Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer-review under responsibility of Organizing Committee of AMME 2014
2606   Pradeep Kumar Shetty et al. /  Procedia Materials Science  5 ( 2014 )  2605 – 2614 
 ,QWURGXFWLRQ
7RGD\ DHURVSDFH LQGXVWU\ DQG DXWRPRELOH LQGXVWU\ LV IRFXVLQJ RQ WLWDQLXP DQG LWV DOOR\V 7L$O9 GXH WR
XVDJHLQ VWUXFWXUHRIWKH )ILJKWHU DQG PDQ\SDUWVLQJDVWXUELQHHQJLQHVVXFKDVEODGHVGLVFVDQGURWRUVDQG
DOVR IRU PDQ\ QRQVWUXFWXUDO DSSOLFDWLRQV LQ DLUFUDIW VXFK DV IORRU VXSSRUW VWUXFWXUH WXEHV RU SLSHV FOLSV DQG
EUDFNHWV
7KH PDLQ VRXUFHIRUWKHLQFUHDVLQJSRSXODULW\RI7L$O9LVLWVVXSHULRUSURSHUWLHVVXFKDVKLJKVWUHQJWKZHLJKW
UDWLR KLJK FRPSUHVVLYH DQG WHQVLOH VWUHQJWK DQG ORZ GHQVLW\ KLJK IDWLJXH UHVLVWDQFH LQ DLU DQG VHDZDWHU DQG





SLHFH (]XJZX+ROHTXDOLW\ LQGULOOLQJ7L LVHYDOXDWHG LQ WHUPVRIKROHGLDPHWHUDQGF\OLQGULFLW\ VXUIDFH
URXJKQHVV DQG EXUU 0DFKRGR HW DO  7L LV JHQHUDOO\ XVHG IRU SDUWV UHTXLULQJ WKH JUHDW UHOLDELOLW\ DQG
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VXUIDFH
URXJKQHVVDQGEXUUDQGFKLSW\SH
 ([SHULPHQWDOGHWDLOV
7KH GULOOLQJ H[SHULPHQWV RQ 7L$O9 ZRUN SLHFH VSHFLPHQV ZHUH FDUULHG RXW XVLQJ YHUWLFDO GULOOLQJ ERULQJ
PDFKLQHRI+39ROWV .: DV VKRZQLQ)LJXUH7KHVROLGFDUELGHGULOOVRIPPGLDPHWHUZLWKSRLQW
DQJOHVRIRRDQGRZHUHXVHGWRFDUU\RXWWKHGULOOLQJH[SHULPHQWV7KHGULOOVXVHGLQWKHSUHVHQWVWXG\DUH
VKRZQLQ)LJXUH 7L$O9ZRUNSLHFHVSHFLPHQVSRSXODUO\NQRZQDV7LWDQLXPDOOR\LQWKHIRUPRIF\OLQGULFDO
SODWHRIWKLFNQHVVPPDQGGLDPHWHUPPLVXVHGIRUGULOOLQJWHVWDVVKRZQLQ)LJXUH 7KH)LJXUH  VKRZVWKH
PLFURVWUXFWXUH DQG FKHPLFDO FRPSRVLWLRQ RI WKH 7L$O9 VSHFLPHQ LV VKRZQ LQ 7DEOH  6SHFLILFDWLRQ DQG
PHFKDQLFDO SURSHUWLHV RI WHVW VDPSOH LV VKRZQ LQ 7DEOH  7DEOH  VKRZV WKH OHYHOV DQG IDFWRUV RI GULOOLQJ
SDUDPHWHUV VHOHFWHG7KH VXUIDFH URXJKQHVV 5D RI WKHGULOOHGKROHZDVPHDVXUHGE\7D\ORU+REVRQ6XUWURQLF
VXUIDFH URXJKQHVV PHDVXULQJ LQVWUXPHQW%XUU WKLFNQHVV DQG FKLS WKLFNQHVV KDV EHHQ PHDVXUHG XVLQJ 7ULQRFXODU
,QYHUWHG0HWDOOXUJLFDO0LFURVFRSH0LFURKDUGQHVVKDVEHHQPHDVXUHGXVLQJ'LJLWDO0LFUR+DUGQHVV7HVWHU
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7DJXFKL GHVLJQV SURYLGH D SRZHUIXO DQG HIILFLHQW PHWKRG IRU GHVLJQLQJ SURFHVVHV WKDW RSHUDWH FRQVLVWHQWO\ DQG
RSWLPDOO\ RYHU D YDULHW\ RI FRQGLWLRQV 7R GHWHUPLQH WKH EHVW GHVLJQ UHTXLUHV WKH XVH RI D VWUDWHJLFDOO\ GHVLJQHG
H[SHULPHQWZKLFK H[SRVHVWKHSURFHVVWRYDULRXVOHYHOVRIGHVLJQSDUDPHWHUV
([SHULPHQWDOGHVLJQ DQGPDQXIDFWXULQJ PHWKRGVZHUHGHYHORSHGLQWKHHDUO\\HDUVRIWKFHQWXU\DQGKDYHEHHQ
H[WHQVLYHO\ VWXGLHG E\ VWDWLVWLFLDQV VLQFH WKHQ EXW WKH\ ZHUH QRW HDV\ WR XVH E\ SUDFWLWLRQHUV 3KDGNH >@
7DJXFKL¶V DSSURDFK WR GHVLJQ RI H[SHULPHQWV LV HDV\ WR DGRSW DQG DSSO\ IRU XVHUV ZLWK OLPLWHG NQRZOHGJH RI
VWDWLVWLFVKHQFHLWKDVJDLQHGDZLGHSRSXODULW\LQWKHHQJLQHHULQJDQGVFLHQWLILFFRPPXQLW\7KHUHKDYHEHHQSOHQW\
RIUHFHQWDSSOLFDWLRQVRI7DJXFKLWHFKQLTXHVWRPDWHULDOVSURFHVVLQJIRUSURFHVVRSWLPL]DWLRQVRPHRIWKHSUHYLRXV
ZRUNV DUH OLVWHG 1LDQ HWDO >@ 'DYLP >@ *KDQL HWDO >@ ,Q SDUWLFXODU LW LV UHFRPPHQGHG IRU
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WKH UHVXOW ZKHQ ZH FRQVLGHU WRRO ZHDU VXUIDFH URXJKQHVV WKUXVW IRUFH GULOOLQJ WHPSHUDWXUH EXLOW XS HGJH FKLS
WKLFNQHVVDQGVWUHVV
)RUWKHHODERUDWLRQRIH[SHULPHQWVSODQWKHIXOOIDFWRULDOH[SHULPHQWDOSDUDPHWHUGHVLJQLQFUHDVHVZLWKLQFUHDVHRI
SURFHVV SDUDPHWHUV ZKLFK LV WLPH FRQVXPLQJ DQG FRVWO\ ,Q RUGHU WR VLPSOLI\ WKH DERYH SUREOHP 'U*HQLFKL
7DJXFKLD-DSDQHVHTXDOLW\PDQDJHPHQWFRQVXOWDQWSURSRVHGDVSHFLDOGHVLJQHGRUWKRJRQDODUUD\2$WRVWXG\WKH
HQWLUHSDUDPHWHUVSDFHZLWKVPDOOQXPEHURIH[SHULPHQWV7KHSURSRVHGPHWKRGRORJ\VDYHVQRWRQO\WLPHDVZHOODV
FRVWVXEVWDQWLDOO\,QWKLVSDSHU7DJXFKL / RUWKRJRQDODUUD\GHVLJQKDVEHHQXVHGDQGVKRZQLQ 7DEOH 
7DEOH7DJXFKL/2UWKRJRQDO$UUD\
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LI FKLSV DUH ZHOO EURNHQ &KLS VKDSH DQG FKLS WKLFNQHVV DW ORZ FXWWLQJ VSHHG ZDV VSLUDO FRQH FKLS ZLWK OHVVHU
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WKLFNQHVVZKLFK LV HDVLHU WREH HMHFWHG DV WKH FXWWLQJ VSHHG LQFUHDVHG/RQJ ULEERQ OLNH FKLSVZLWK LQFUHDVHGFKLS
OHQJWKDQGFKLSWKLFNQHVVZHUHREWDLQHG )LJXUH
)LJ  9DULDWLRQRIFKLSWKLFNQHVVZLWKFXWWLQJVSHHGIRUGLIIHUHQWIHHGDQGSRLQWDQJOH
)URPWKHPDLQHIIHFWVSORW )LJXUH  IRUFKLS WKLFNQHVV LQGLFDWHV WKHVHOHFWLRQRIKLJKHUFXWWLQJVSHHGPPLQ
OHVVHU IHHGUDWHPPPLQDQGOHVVHUSRLQWDQJOH RUHVXOW WKHEHVWFRPELQDWLRQWRJHW OHVVHUFKLSWKLFNQHVV
YDOXHXQGHUGLIIHUHQWGULOOLQJFRQGLWLRQVRI7L$O9DOOR\
7DEOH  VKRZVWKHUDQNLQJRIHDFKGULOOLQJSDUDPHWHUXVLQJWKH UHVSRQVH7DEOHIRU6LJQDOWR1RLVH5DWLRVVPDOOHULV
EHWWHU REWDLQHGIRUGLIIHUHQWSDUDPHWHUOHYHOV
2QWKHH[DPLQDWLRQRIWKHSHUFHQWDJHRIFRQWULEXWLRQ3RIWKHGLIIHUHQWIDFWRUV7DEOH IRU FKLSWKLFNQHVV LWFDQ
EHVHHQWKDWFXWWLQJVSHHGKDVWKHKLJKHVWFRQWULEXWLRQRIDERXWWKXVFXWWLQJVSHHGLV DQLPSRUWDQWIDFWRUWR
EHWDNHQLQWRFRQVLGHUDWLRQZKLOHGU\GULOOLQJ 7L$O9DOOR\,WFDQEHVHHQWKDW IHHGUDWHPPPLQ 3 
DQGSRLQWDQJOHR3 
)LJ 0HDQ61*UDSKIRU&KLS7KLFNQHVV
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7DEOH 5HVSRQVH7DEOHIRU6LJQDOWR 1RLVH5DWLRV6PDOOHULVEHWWHU
/HYHO &XWWLQJ6SHHGPPLQ )HHGPPPLQ 3RLQW$QJOH'HJUHHV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FRQWUROOLQJ WKH IRUPDWLRQRI GULOOLQJEXUUV LV WKHUHIRUHYHU\ LPSRUWDQW%XUU IRUPDWLRQ LQGULOOLQJKDVQRWEHHQDV
H[WHQVLYHO\ VWXGLHG 0RVW VWXGLHV DUH FRQFHUQHG ZLWK WRRO ZHDU DQG GRQ¶W FRQVLGHU EXUU IRUPDWLRQ $OWKRXJK D
QXPEHU RI LQYHVWLJDWLRQV KDYH EHHQ FRQGXFWHG WKHUH DUH VWLOO PDMRU TXHVWLRQV UHPDLQLQJ UHJDUGLQJ WKH EDVLF





)URPWKHH[SHULPHQWDO UHVXOWV LWKDVEHHQREVHUYHG WKDW WKH ORZWKHUPDOFRQGXFWLYLW\RI WKHPDWHULDO LQKLELWVKHDW
GLVVLSDWLRQ7KXVWKHUHVKRXOGEHDORFDOL]HGWHPSHUDWXUHLQFUHDVHDWWKHLQQHUVXUIDFHRIWKHEXUU7KLVWHPSHUDWXUH
LQFUHDVHDQGUHVXOWLQJ WKHUPDOH[SDQVLRQLVEHOLHYHGWREHWKHPDLQFDXVHRIWKHOHDQEDFNDQGUROOEDFNSKHQRPHQD





)URP WKHPDLQ HIIHFWV SORW)LJXUH  IRU EXUU WKLFNQHVVRSWLPXPYDOXH IRUPLQLPXOEXUU WKLFNQHVV LV VHOHFWLRQRI
FXWWLQJVSHHGPPLQIHHGUDWHPPPLQDQGSRLQWDQJOHRUHVXOWWKHEHVWFRPELQDWLRQWRJHWOHVVHUEXUU
IRUPDWLRQYDOXHXQGHUGLIIHUHQWGU\GULOOLQJFRQGLWLRQVRI7L$O9DOOR\%XUUWKLFNQHVV DQGEXUUIRUPDWLRQYLHZHG
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7DEOH  VKRZV WKH UDQNLQJ RI HDFK GU\ GULOOLQJ SDUDPHWHU XVLQJ WKH 5HVSRQVH 7DEOH IRU 6LJQDO WR 1RLVH 5DWLRV
VPDOOHULVEHWWHU REWDLQHGIRUGLIIHUHQWSDUDPHWHUOHYHOV
2QWKHH[DPLQDWLRQ RIWKHSHUFHQWDJHRIFRQWULEXWLRQ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FDQEH VHHQ WKDWFXWWLQJ VSHHG DQG IHHGUDWH 3 KDG WKHKLJKHVWFRQWULEXWLRQZKLOHGULOOLQJ 7L
$O9DOOR\,WFDQEHVHHQWKDW SRLQWDQJOH R3 KDGWKHPLQLPDOHIIHFW
)LJ  %XUUWKLFNQHVVYLHZHGXQGHU7ULQRFXODU,QYHUWHG0HWDOOXUJLFDO0LFURVFRSH
)LJ  ,PDJHVRI%XUUIRUPDWLRQ XQGHUGLIIHUHQWFXWWLQJVSHHG
$QDO\VLVRI6XUIDFH5RXJKQHVV
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